Background: Cavotricuspid isthmus (CTI) radiofrequency (RF) catheter ablation is
| INTRODUCTION
Radiofrequency (RF) catheter ablation is generally considered a firstline therapy for cavotricuspid isthmus (CTI)-dependent atrial flutter (AFL), due to its curative effect and low complication rate. 1 Bidirectional CTI conduction block is generally achieved with two main approaches, either based on cooled or large-tip (mostly 8 mm long)
catheters theoretically capable of creating wider and deeper lesions as compared with conventional catheters. Procedural duration and RF time to obtain bidirectional CTI conduction block may vary considerably from one patient to another. In fact, CTI has a complex and variable anatomy, with recesses, bridges, trabeculae, and different muscle thickness. All the anatomical obstacles may potentially impede effective ablation. 2 In a comparison with solid large 8-mmtip catheters, dissociation between the generated power and the local convective effect may be considered as preferential factors associated with externally cooled radiofrequency catheters. In fact, such dissociation allows the delivery of higher and more stable power. 3 In addition, tip materials may play a role: in-vitro studies suggested that gold-tip catheters create wider and deeper lesions, potentially improving ablation efficacy. 4, 5 However, superiority of gold-irrigated tip catheters over gold large-tip is still needed to be shown, and in ordinary clinical practice, either of the two approaches is used depending on physician's preferences or familiarity. The aim of this study was to compare typical AFL ablation approach with 8-mm gold-tip catheter (8mmRFC) as compared to externally cooled 3.5-mm gold-tip catheter (irrRFC) in routine practice.
| ME TH ODS
This study was a prospective and multicenter registry involving 8
Italian sites. The number of enrolments per site ranged from 9 to 30.
Investigational centers were selected based on the predisclosed operators' preferences for long-tip or open-irrigated catheter to balance the study arms.
| Study population
The study enrolled consecutive patients established on pharmacological therapy undergoing first-time RF ablation of typical CTI-dependent AFL, with at least one documented persistent typical AFL episode over 2 hours. Subjects with any of the following criteria were excluded: (i) previous CTI ablation; (ii) acute coronary syndrome or myocardial infarction within the last 3 months; (iii) severe cardiac valvular defects, tricuspid valve replacement, atrial septum defect;
(iv) cardiovascular surgery scheduled within the next 6 months; (v)
New York Heart Association (NYHA) class IV; (vi) age < 18 years; (vii) pregnant or breastfeeding women. All patients gave written informed consent. The study was approved by the competent ethics committees.
| Ablation protocol and follow-up
Ablation procedures were performed according to physician's standard practice including the use of a 20-pole catheter alongside the tricuspid valve annulus, the insertion of an additional multipolar catheter in the coronary sinus (CS), and/or electro-anatomic mapping. The RF ablation catheter was selected before the procedure according to physician's preference between the following: The ablation was performed during ongoing AFL, or during CS pacing in patients in sinus rhythm. During the procedure, the dependence of the arrhythmia on CTI was proven by positive entrainment using established criteria. 6 Patients with a CTI-independent AFL were ruled out. The procedural endpoint was the demonstration of bidirectional isthmus block by previously published criteria. 
| Primary objective
The principal objective of the study was to collect data from CTIdependent AFL ablation procedures during normal practice and
a-posteriori compare the cumulative radiofrequency time (CRFT) defined as cumulative time of RF delivery required to obtain a complete CTI bidirectional block, without considering the time of RF delivery for consolidation, between two groups of procedures initiated with 8mmRFC and irrRFC.
| Secondary objectives
The secondary objectives included comparison of (i CRFT and the fluoroscopy times were dichotomized; threshold values were set at 10 minutes and 20 minutes, respectively, as they were reported as average values in the available literature. 9 Logistic regression was used to conduct a univariate analysis, while a stepwise process with a significant level of 0.1 for removal from the model was implemented for multivariate logistic regression model.
Statistical significance was defined as P ≤ .05. All statistical analyses were performed using the 11E version of STATA software (StatCorp LP, College Station, Texas).
| RESULTS

| Patients' characteristics
From June 2014 to September 2016, 160 patients were enrolled in the study. After excluding 3 patients with left AFL, 74 (47%) subjects were treated with 8mmRFC and 83 (53%) with irrRFC. The 6 month follow-up period was completed by 147 (92%). The complete flow chart of the enrolled subjects is shown in Figure 1 .
Most of the patients were men (76%), in NYHA class I or II (91%), and had no structural heart disease (65%). The median age was 71.8 (64.1-76.2) years. There were no significant differences between the two groups concerning baseline characteristics, except for a higher incidence of hypertension in the 8mmRFC patients (79% vs 52%, P < .001). Baseline characteristics are reported in detail in Table 1 .
| Primary and secondary objectives
The median CRFT was 3 (2-6) minutes for the 8mmRFC group and 5 No significant differences between study groups were observed in ablation success rates; catheter, procedural and acute success rates were all higher than 94% for the overall population (Table 2 ).
In the 8mmRFC group a significant low fluoroscopy time was observed (8 [5] [6] [7] [8] [9] [10] [11] [12] vs 15 [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] minutes, P < .001). At 6 month follow-up, the total clinical success rate of the AFL ablation resulted 97% and 11 (7%) patients reported AF episodes; no significant differences were found between the 2 groups. 
| Ablation characteristics and procedural predictors
| DISCUSSION
The main findings of the present study are (i) gold-tip 8mmRFC and irrRFC performed similarly for CTI ablation in terms of cumulative RF and total procedure time, acute and 6 month success rates; (ii) fluoroscopy time was significantly lower in the 8mmRFC group; (iii) the use of the dragging ablation technique showed a reduction of 82% in the risk of procedure with CRFT > 10 minutes, while the use T A B L E 2 Secondary endpoints for the overall population and for the patients treated with 8mmRFC and irrRFC catheter 
| Impact of ablation catheter
Studies comparing cooled and 8-mm-tip catheters for CTI ablation showed contrasting and hardly comparable results for several reasons (different irrigation design, 9 small cohorts, and different study 
| Impact of ablation technique
In our study, two ablation techniques were mainly used to obtain bidirectional CTI block: the "dragging" and the "point-by-point"
approaches. The first was used in the majority (85%) of procedures performed with the 8mmRFC catheter, while the second approach was preferably adopted (90%) using irrRFC catheter. Despite this association between ablation technique and catheter technology, dragging was an independent predictor of short procedure (CRFT <10 minutes). As compared with the point-by-point approach, the dragging technique is likely to create uninterrupted, transmural linear lesions. This may explained by the elimination of repetitive catheter repositioning and higher RF power delivery with the dragging approach. But it has also been observed that during short point-bypoint RF deliveries, a considerable amount of energy may be absorbed by the tissue surface before the development of transmural lesions. 17 Advantages of catheter dragging in terms of procedure shortening were reported in studies on AF ablation, 18, 19 which also reported a potential benefit in terms of clinical outcome. 19 Actually, in our study on typical AFL, we did not find any difference in clinical outcome. On the other hand, no effect of the ablation technique was revealed on the fluoroscopy time. From published data on AF ablation, it seems that the dragging technique required a longer fluoroscopic exposure time than the point-by-point technique, to confirm the stability of the catheter. 18, 19 The movements of the catheter during ablation induce a larger use of the x-ray to check the ablator position. Our neutral data for the fluoroscopy time once again could be due to the different arrhythmia ablation procedure; the shorter duration of the AFL ablation as compared to AF ablation 20 and the anatomically different structures 2 might explain this different result.
| Limitations and strengths
The nonrandomized design prevented controlling for potential imbalances of patients' characteristics, techniques, and tools between study groups. Nevertheless, it is worth noting that such a designmitigated potential biases induced by operator's preference as a randomized design would have forced operators to alternatively use the two approaches according to randomization, regardless of individual preference or familiarity. Study site selection was performed to ensure a fair balance between the prespecified groups (8mmRFC and irrRFC), and all operators were encouraged to use their most familiar approach; therefore, our results should reflect the performance of catheter technologies theoretically used in their "ideal" conditions.
Finally, during the follow-up, the atrial arrhythmia diagnosis was not based on prolonged electrocardiography monitoring possibly underestimating the incidence of recurrences.
| CONCLUSION
In this multicenter and prospective registry, the 8-mm gold-tip catheter and the externally cooled gold-tip catheters performed similarly in achieving bidirectional CTI block in terms of cumulative RF, total procedure time, acute and 6 month success rates. Fluoroscopy time was significantly lower in the 8mmRFC group. While the use of a long-tip catheter seems to predict a lower fluoroscopy time procedure, the dragging approach was significantly associated with a reduction of the RF application time. 
